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Abstract. To enhance the intensity of surface-enhanced Raman scattering (SERS), production of
metal nanostructures with sharp points, lying side by side at the nanometer level plays an ex-
tremely important role. In this paper, we report on a manufacturing process in which the silver
nanoparticles with flower-like shape have been fabricated by chemical deposition of silver par-
ticles on silicon wafers, using a solution of hydrofluoric acid (HF), silver nitrate (AgNO3) and
ascorbic acid (AsA) in water, at room temperature. We found that only when the concentrations
of AgNO3 and AsA are appropriate, the flower-like silver nanoparticles will form. Note that while
other authors mainly manufactured flower-like silver nanoparticles in the form of suspensions,
we have created flower-like silver nanoparticles with cabbage-shape on a silicon surface. These
ensembles of flower-like silver nanoparticles were used as SERS substrates to detect crystal violet
(CV) in low concentrations.
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I. INTRODUCTION
It is well known that Raman scattering is a valuable tool to identify chemical and biological
samples via determination of the characteristic oscillations of the molecules contained in the sam-
ple. Since the discovery of surface-enhanced Raman scattering (SERS), an important issue is to
successfully fabricate SERS substrates with high stability, good repeatability as well as provides
greater Raman enhancement factor. However, in normal conditions Raman scattering probability
is very small, so the ability for identifying molecules of a substance based on Raman scattering
only really become significant since the discovery of surface-enhanced Raman scattering (SERS).
It is known that there are two mechanisms for SERS enhancement. One of them is the chemical
enhancement [1]. The remaining is an enhancement of the local electromagnetic field, which is
derived from plasmon excitations on metallic surfaces [2–4]. Deposition of the precious metal
particles on a surface is not complicated and expensive. This is the method commonly used for
deposition of precious metals such as gold (Au) or silver (Ag) onto the metal or semiconductor
(such as Sn, Zn, Cu, Si and Ge) surface [5–7]. On the other hand, deposition of precious metal par-
ticles on the surface of a silicon wafer provides a low-cost and convenient path to produce SERS
substrate, without adding other complex techniques such as collection and re-dispersion of the
precious metal particles on a certain surface, as in the case of the production of colloidal particles
of precious metals [8]. So far, the precious metal micro- or nano-structures with a flower-like mor-
phology are synthesized primarily in the form of a colloidal solution [9–11]. Some metal flower-
like nanostructures have been successfully fabricated as a layer deposited on the silicon substrate,
using polyvinyl pyrrolidone (PVP) or a number of other chemicals as reducing agent [12–14]. Un-
til the present time we have not found any reports related to the manufacture of silver nano-flowers
(AgNFs) on silicon surface (AgNFs@Si) using ascorbic acid (AsA) as a reducing agent.
In this report, we present the results of the successful deposition of AgNFs with cabbage-
like shape on the surface of a silicon wafer. We have also successfully controlled surface morphol-
ogy of AgNFs and used them as SERS substrates to detect the traces of crystal violet (CV) until
0.01 ppm concentration.
II. EXPERIMENT
AgNFs have been fabricated by the chemical deposition method on the surface of silicon
wafers at room temperature. Silicon used is p-type single crystal, orientation (111). Chemicals
used include: AgNO3 (98%), HF (40%), AsA (99.7%), deionized water. Firstly, a silicon wafer
is cut into pieces about 0.6×0.6 cm2 in size, then they are soaked in alcohol, following by nitric
acid (HNO3) and finally hydrofluoric acid (HF). The work mentioned above will give us the clean
silicon samples. In a typical experiment, a solution containing 4.8 M HF and 1 mM AgNO3 was
stirred at a speed of 200 rpm for 5 min with the aim of creating a homogeneous solution, then
a treated silicon sample is placed in the above solution, simultaneously with the addition of a
predetermined amount of prepared AsA solution. The total volume of the solution is 100 ml, the
concentration of AsA is 5 mM. Depending on the reaction time, the reaction solution changes
color from gray to white milk. After the fabrication ended, AgNFs@Si sample was taken out
from the beaker carefully, then it was washed with deionized water for the purpose of removal
of the reactant left on the sample surface. Surface morphology of the AgNFs@Si samples was
observed by SEM measurements, using scanning electron microscope S-4800 (Hitachi, Japan).
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SERS spectra were recorded by a Jobin-Yvon LabRam Raman system with the excitation laser
wavelength of 632.8 nm, which is located at the University of Natural Sciences, Vietnam National
University of Hanoi.
III. RESULTS AND DISCUSSION
In the reaction solution, Ag+ ions are reduced simultaneously by HF and AsA to form silver
atoms via two following reaction [5, 15–17]:
C6H8O6 + 2 Ag+ −→ C6H6O6 + 2 Ag + 2 H+ (1)
4 Ag+(aq) + SiO(s) + 6 F(aq)−→ 4 Ag(s) + SiF2−6 (aq) (2)
In a series of samples produced, with the reaction solution which consists of only three
chemicals, including AgNO3, HF, and AsA, many forms of silver particles have been created. By
changing the experimental parameters such as concentration of AgNO3 and AsA, reaction time,
we can adjust and control the morphology of silver particles. As shown in Fig. 1 and Fig. 2, the
silver particles produced have a cabbage-like morphology. All silver particles that are deposited
onto the same silicon sample are uniform in shape and size. They are created by combining the
“unit” silver nanoparticles, which have a much smaller size than the particles shown in Fig. 1. The
development process of the silver flower-like structure with time is illustrated by the SEM images
shown in Fig. 1 (a), (b), and (c), where the concentration ratio of AsA over AgNO3 was selected
as 5:1, and the reaction time is 30 sec, 5 min and 10 min, respectively for the Fig. 1 (a), (b) and
(c).
As shown in Fig. 1(a), after 30 sec of reaction, the products obtained are the silver nanoflow-
ers with a sparse density. With the increase of reaction time, at first 5 min, then 10 min, flower
density is increased many times, as shown in Fig. 1 (b) and (c), respectively. We have changed the
concentration of AsA from 5 mM (Fig. 2(a)), up to 7 mM (Fig.2(b)), and then to 10 mM (Fig.2(c)),
while keeping unchanged the AsA:AgNO3 concentration ratio, then silver flower shape changes
to the direction in which the surface becomes more uneven. The fabricated silver flower patterns
have proven to be relatively uniform in shape and size (about 500 nm). Their surfaces show that
there are many hot spots which have been formed, the hot spots include the bulge of flowers, the
overlapping portion between the flowers lying next to each other, the narrow gap between the
branches of the same flower. According to our estimation, the narrow gaps are very small in the
size range from several nanometers to several tens of nanometers. Hot spots above play a crucial
role in enhancing the Raman signal.
The fabricated silver nanostructures with cabbage-like shape have been used to identify
crystal violet (CV), and good SERS signals were obtained as shown in Fig. 3. For each Ag-
NFs@Si sample, an amount of 25 µl of aqueous CV with certain concentration was dripping
onto the sample. The typical peaks of CV have been obtained, as the bands of 800, 913, 1174,
1375 and 1618 cm−1. These bands are assigned to phenyl-H out-of-plane antisymmetric bending
(800 cm−1), phenyl ring breathing mode (913 cm−1), C-phenyl and C-H in-plane antisymmetric
stretching (1375 cm−1), C-N and phenyl-C-phenyl antisymmetric stretching, C-phenyl in-plane
antisymmetric stretching (1618 cm−1) [18]. Figure 2 shows that the fabricated AgNFs@Si sub-
strate can identify CV molecule in concentrations as low as 0.01 ppm.
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Fig. 1. The dependence of the density of the silver particles (with cabbage-like shape)
on chemical deposition time: (a) 30 sec, (b) 5 min, and (c) 10 min. Note: the ratio of the
concentrations AsA:AgNO3 is 5:1 and the concentration of AsA is 5 mM.
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Fig. 2. The dependence of the morphology of the silver particles with cabbage-like shape
on the concentration of AsA in chemistry deposition solution: (a) 5 mM, (b) 7 mM, and
(c) 10 mM. Note: the ratio of the concentrations AsA: AgNO3 is 5:1 and the time of
deposition is 10 min.
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Fig. 3. SERS spectra of crystal violet with various concentrations, which have been ob-
tained by SERS substrates of silver flower with cabbage-like shape.
IV. CONCLUSION
Our study has successfully produced the silver particles with a cabbage-like shape on a
silicon wafer at room temperature, by the chemical deposition method using ascorbic acid (AsA)
as the reducing agent. Our study shows that, when using the aforementioned silver flowers as
SERS substrates, we could detect the traces of crystal violet (CV) with concentrations as low as
0.01 ppm.
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